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Abstract 
Iron and steel industry is the most energy intensive sector in Iran’s economy. In recent years this industry has experienced a high 
rate of growth. So it is expected that the growth of energy consumption in this industry and its environmental pollution will 
increase quickly in future. Thus, the estimation of long run energy consumption in iron and steel energy intensive industry and its 
environmental pollution, specifying the potentialities of energy saving as a result of technological progress in this industry, and 
analyzing of the impact of improvement in production technology in iron and steel industry on environment; seem to be 
considerably crucial. These subjects are analyzed in this paper using a techno - economy model. 
The finding of executing Model for Energy Demand Evaluation (MEDEE), reveals that through utilization of improved 
production technology in iron and steel industry, the level of energy consumption in this industry reduce about 13.5 and 45.8 
MBOE in 2015 and 2025 respectively. So, the environmental pollution as the result of this reduction in energy consumption in 
iron and steel industry, is very considerable. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Issuing of the environmental pollutants is increasing in a progressive trend in Iran. The main source of this 
environmental pollutants is consuming of energy carries in different sector of economy. The statistics and figures of 
the energy consumption indicates that the amount of per capita energy consumption in Iran is more than what it is in 
the other part of the world. The increasing rate of energy consuming is very high in Iran so the spreading of the 
environmental pollutants is increasing very fast. This can threatens the environment as a public goods. Therefore the 
environmental studies have become very important in Iran.  
The main part of these issued pollutant is due to energy consumption in iron and steel energy intensive industry. 
In Iran the iron and steel energy intensive industry has allocated to itself more than 31 percent of whole energy 
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consumption in mines, industries and construction sector. Iron and steel industry is the first energy intensive 
industry in Iran and produce a big part of environmental pollutants. Recently, this industry has experienced a high 
percent rate of growth. Because of existence of energy resources and cheap workers, Iran has relative advantages in 
producing of iron and steel products. So, it is expecting that the high rate of growth of production in this industry 
will continue in future. This energy intensive industry has a high potentiality for energy saving. Increasing of the 
energy consumption efficiency and so increasing of production productivity in this sector, will decrease and control 
the environmental pollution of this industry enormously. In this paper, the potentials of decreasing the 
environmental pollution due to improvement in production technology in this energy intensive industry will be 
estimated. 
 In the first part of this paper, after of introducing the variables and extraction of their quantities, by using of the 
Model for Energy Demand Evaluation which is one of the techno-economic models, the amount of the long term 
energy consumption as the fuel in a 15 years period will be forecast. In the last part of the paper the impacts of the 
improvement in production technology in iron and steel industry on the energy consumption of this sector in 2015 
and 2025 will be forecast, and so the amount of decreasing in spreading of the pollutant materials will be estimate. 
2. Methodology of estimating energy demand in iron and steel industry in model for energy demand 
evaluation 
In this research the estimates will be done with the use of the Model for Energy Demand Evaluation which is one 
of the end use models. A part of required data for running of the model have been gathered from the journals and 
published documents which have been published by the statistics producing organizations [1] to [7]. Another part of 
information has been gathered by using and  processing of the experts and specialist point of  views.  
In the Model for Energy Demand Evaluation, the simulation of energy demand in the iron and steel energy 
intensive industry and its changes will be done by using of the constant, scenario, exogenous and command 
variables. The command variables are used for configuration of the model. The constant variables defined the 
amount of variables for the base year, and so include the fixed parameters. The exogenous variables are variables 
which have a limited change domination and will be forecasted in accordance to their current trend. Scenario 
variables are the variables which their domination change during the forecasting period is very huge. The amount of 
scenario variables depend on strategies of economical deciders and international conditions. These definitions shows 
that the difference between the scenario and exogenous variables comes from the simple behaviour of the exogenous 
variables and the complex behaviour of scenario variables. The future amount of exogenous variables can be 
forecasted by using of the simple linear equations and will be determined according to their amount in last periods. 
But the scenario variables have more complicated behaviours and prediction of their quantity needs to the prediction 
of the quantity of variables which determined them. The scenario variables can be determined directly with regard to 
the designed policies [8]. 
In the Model for Energy Demand Evaluation for estimating of the long run energy demand in the iron and steel 
energy intensive industry, the total amount of iron and steel productions will enter into the model in physical unit as 
the exogenous variable [9]. The share of direct reduction process and blast furnace process from total iron and steel 
productions are determined as scenario variables. Also, the share of electricity arc process from total iron and steel 
productions are determined by model according to the following formula: 
PSTEELRED)?BOF-(1(2)PST
PSTEELRED(3)PST
PSTEELBOF(1)PST
u 
u 
u 
                                        (1) 
The definitions of the above variables are as bellow: 
PSTEEL: the total amount of steel productions in million ton. 
PST(1): steel production in blast furnace process. 
PST(2): steel production in electricity arc ( electricity melt) process..  
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 PST(3): steel production in direct reduction process. 
BOF: share of blast furnace process in steel production.  
RED: share of direct reduction process in steel production [10].  
In the Model for Energy Demand Evaluation, demand for energy in iron and steel energy intensive industry is  
obtained by summation of demand for fossil fuels, electricity and coke according to the following formula: 
COKEF u 86.0
U
TWHST
FSTFINST                                         (2) 
Demand for fossil fuels in iron and steel energy intensive industry is obtained by summation of demand for 
natural gas, oil products and coal according to the following formula: 
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The demand for electricity in iron and steel energy intensive industry include electricity demand for specific uses 
and electricity demand for thermal uses. 
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The demand for coke in iron and steel energy intensive industry calculated from the following equation: 
3107
U
IRONST)(PST(1)EI uuuu COKECOKE                                       (5) 
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In above equation, the 0.86 numerical coefficient is used for converting the consumption in peta calories (1015
calories).
The definitions of the others variables are as bellow: 
FINST: Total demand for energy in the iron and steel energy intensive industry. 
FFST: Total demand for fossil fuels in the iron and steel energy intensive industry.  
TWHST: Total demand for electricity in the iron and steel energy intensive industry.  
COKE: Specific demand for coke in the iron and steel energy intensive industry.  
STGAS: Total demand for natural gas in steel production.  
STFUEL: Total demand for oil fuel in steel production. 
STCHAR: The useful demand for coal for thermal use in steel mill. 
FFRED: Demand for gas for direct reduction. 
FFBOF: Demand for fossil fuels for steel production in blast furnace process.  
PGZBOF: The share of gas from total fossil fuels for steel production in blast furnace process.  
FFROLL: The final demand for fossil fuels for thermal use in steel mill. 
PGZROL: The share of gas from fossil fuels for thermal use in steel mill. 
TGHF: Total production of gas in blast furnace.  
PFUBOF: The share of oil fuels from total fossil fuels in blast furnace process.  
PFUROL: The share of oil products from fuels for thermal use in steel mill.  
PCHBOF: The share of coal from total fuels in blast furnace process.  
PCHROL: The share of coal from fossil fuels for thermal uses in steel mill.  
EIRED: Gas consumption for each unit of sponge iron production in direct reduction process in 1000 kilo calories 
over ton. 
IRONST: Ratio of  iron input to steel output in blast furnace.  
INJRAT: Total inject fuel in blast furnace in 1000 kilo calories over ton raw iron.  
EISTEE: Final consumption of energy for thermal uses for each unit of production in blast furnace in 1000 kilo 
calories over ton.  
EUROLL: The useful demand for energy for thermal use in steel mill. 
PELROL: The share of demand for electricity in demand for energy for thermal use in steel mill.  
EFSTBY:  The relative efficiency of fossil fuels in respect to electricity in steel mill. 
EFCBCY: An index which indicates the changes in the average efficiency of fossil fuels for thermal uses. For the 
base year is one. 
EIROLL: Final consumption of energy for thermal uses for each unit of steel mill in 1000 kilo calories over ton.  
GHF: Net production of blast furnace for each unit of raw iron production in 1000 kilo calories over ton.  
ELSST: Specific demand for electricity in steel production.  
ELHST: Demand for electricity for thermal uses in steel production.  
ELIRON: Consumption of electricity for each unit of raw iron production in blast furnace process in  kwh  over ton 
raw iron.  
ESTEEL(1): Consumption of electricity for each unit of steel production in blast furnace process in  kwh  over ton.  
ELIRON(3): Consumption of electricity for each unit of sponge iron production in direct reduction process in  kwh  
over ton.  
SIRONST: Ratio of sponge iron input to steel output in direct reduction process.  
ESTEEL(2): Consumption of electricity for each unit of steel production in electricity arc process in  kwh  over ton.  
ESTEEL(3): Consumption of electricity for each unit of steel production in direct reduction process in  kwh  over 
ton.  
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ELHROL: Demand for electricity for thermal uses in steel mill.  
EICOK: Consumption of coke for each unit of raw iron in kilo gram coal equivalent (Kgce)  over ton [11].  
3. Forecasting of the long term energy consumption in iron and steel energy intensive industry 
For estimating of long term energy demand in the iron and steel energy intensive industry, the quantities of the 
constant, exogenous and scenario variables on the base year and prediction years  has been calculated. The amount 
of these variables are reflected in the following tables. scenario variables are indicated as index and for base year are 
equal to one. 
Table 1. The quantities of the constant variables in the iron and steel energy intensive industry in the base year 
Variables Description Quantities
EISTEE Final consumption of energy for thermal uses for each unit of production 
in blast furnace in 1000 kilo calories over ton 
1715.704 
GHF Net production of blast furnace for each unit of raw iron production in 
1000 kilo calories over ton 
12030.768
EIROLL Final consumption of energy for thermal uses for each unit of steel mill 
in 1000 kilo calories over ton 
235.632 
ELIRON Consumption of electricity for each unit of sponge iron production in 
direct reduction process in  kwh  over ton 
399.948 
ELROLL Consumption of electricity for each unit of steel mill in  kwh  over ton 220.018 
EFSTBY The relative efficiency of fossil fuels in respect to electricity in steel mill 0.833 
PGZROL The share of gas from fossil fuels for thermal use in steel mill 0.505 
PFUROL The share of oil products from fuels for thermal use in steel mill 0.495 
PCHROL The share of coal from fossil fuels for thermal uses in steel mill 0 
PGZBOF The share of gas from total fossil fuels for steel production in blast 
furnace process 
0.534 
PFUBOF The share of oil fuels from total fossil fuels in blast furnace process 0.465 
PCHBOF The share of coal from total fuels in blast furnace process 0.001 
ESTEEL1 Consumption of electricity for each unit of steel production in blast 
furnace process in  kwh  over ton 
62.799 
ESTEEL2 Consumption of electricity for each unit of steel production in electricity 
arc process in  kwh  over ton.  
821.570 
ESTEEL3 Consumption of electricity for each unit of steel production in direct 
reduction process in  kwh  over ton.  
821.570 
Table 2. The price of energy carrier in the iron and steel energy intensive industry in the base year 
Variables Energy carrier Quantities
PRIND (Giga calories / Rials) coal  12117.250 
PRIND (Giga calories / Rials) Gas oil 3302.281 
PRIND (Giga calories / Rials) Fuel oil 1621.597 
PRIND (Giga calories / Rials) Kerosene 3467.220 
PRIND (Giga calories / Rials)ELROLL LPG 2583.711 
PRIND (Giga calories / Rials)EFSTBY Natural gas 4870.446 
PRINEL (kwh/ Rials) Electricity 58.6 
 K. Sohaili et al. / Procedia Environmental Sciences 2 (2010) 262–269 267
Table 3. The exogenous variables in the iron and steel energy intensive industry 
Variables Description Quantities
EICOK Consumption of coke for each unit of raw iron in  kilo gram coal 
equivalent (Kgce)  over ton 
609.669 
INJRAT Consumption of inject fuel in blast furnace in million calories over ton 
raw iron 
13511.819 
EIRED Gas consumption for each unit of sponge iron production in direct 
reduction process in million calories over ton. 
5103.654 
IRONST Ratio of  iron input to steel output in blast furnace 1.056 
Table 4. The Scenario variables in the iron and steel energy intensive industry 
Variables Description Year
2005 2015 2025 
RED share of direct reduction process in steel production 0.716 0.812 0.858 
BOF share of blast furnace process in steel production 0.205 0.098 0.047 
PRODST iron production 17.2 20.678 128.030 
PRINCY1 Changes in the index of coal price 3.340 20.678 128.030 
PRINCY2 Changes in the index of gas oil price 6.389 39.558 244.931 
PRINCY3 Changes in the index of fuel oil price 6.389 42.327 262.086 
PRINCY4 Changes in the index of Kerosene price 6.389 39.558 244.931 
PRINCY5 Changes in the index of LPG price 2.289 14.175 87.767 
PRINCY6 Changes in the index of natural gas price 6.123 37.910 234.726 
PELICY Changes in the index of electricity price 3.641 22.543 139.582 
In calculation of the quantities of the scenario in the iron and steel energy intensive industry, several points are 
considered which comes as follow: 
 The price of kerosene, gas oil, fuel oil, LPG, natural gas and electricity; are realized price until 2009. It is 
assumed that after 2009, the price of these six energy carriers will increase 20 percent in each year. 
The statistics related to the production in the iron and steel energy intensive industry are realized until 2005. The 
amount of the production of steel products in 2008 -2025 are determined by considering of experts and specialists 
point of views in the industries and mines ministry and steel national company of Iran.  
The results of running the Model for Energy Demand Evaluation show that amount of demand for each energy 
carriers in the iron and steel energy intensive industry in the prediction year are as the bellow table. 
Table 5. The consumption of different kinds of energy carriers in the iron and steel industry (MBOE) 
Description Year
2005 2015 2025 
Oil Products 20.60 23.94 29.06 
Natural Gas 71.91 153.62 340.45 
Coal 0.04 0.05 0.05 
Coke 11.6 12.77 14.10 
Electricity 10.55 25.18 58.98 
Total 114.69 215.55 442.64 
It is clear from the above table that the energy consumption in iron and steel industry is very huge. And so it has a 
fast growth rate. Generally, the average rate of growth of the final energy demand in the iron and steel industry in 
this 20 years period of studying is about 7 percent. The average growth rate of electricity is near to %9. The average 
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growth rate of oil production consumption is %1.7. The average growth rate of natural gas is more than %8.1 in this 
20 years period. 
4. The effects of technology improvement in iron and steel energy intensive industry on energy consumption 
and environmental pollution 
Technology of production in the iron and steel energy intensive industry, is one of the technical effective factor on 
the energy consumption in this sector. Progress in production technology in this industry can decrease the unit 
consumption and will reduced the energy consumption in this industry. Improvement in production technology in 
iron and steel industry will change the energy consumption in this sector by changing of the exogenous and scenario 
variables. Assume that during the study period, technology in iron and steel industry is improving with a rate of %5 
in every ten years. So the quantities of the coke unit consumption (EICOK), unit consumption of gas in production of 
sponge iron in direct reduction process (EIRED) and also unit consumption of inject fuel in blast furnace (INJRAT);
will change as it is shown in the following table. It must mentioned that these three variables are exogenous 
variables. 
Table 6. The technology improvement and the changes in exogenous variables in iron and steel industry   
Variables Unit  Amount in the new scenario 
2005 2015 2025 
EICOK (Kgce) 594.427 563.944 533.460 
EIRED million calories over ton 4976.03 4720.880 4465.697
INJRAT million calories over ton 13174.024 12498.433 11822.842
Change in the above exogenous variables causes the change in the consumption in this industry which is reflected 
in bellow table. 
Table 7. the effects of technology improvement on the energy consumption in iron and steel industry (MBOE) 
Description Base scenario
2005 2015 2025 
Oil Products 20.60 23.94 29.06 
Natural Gas 71.91 153.62 340.45 
Coke 11.60 12.77 14.10 
Electricity 10.55 25.18 58.98 
Total 114.69 215.55 442.64 
Description New scenario 
2005 2015 2025 
Oil Products 20.17 22.53 26.47 
Natural Gas 70.21 142.51 299 
Coke 11.31 11.81 12.34 
Electricity 10.55 25.18 58.98 
Total 112.28 202.08 396.82 
The above estimation shows that the energy saving due to the progress in production technology in the final 
consumption of energy as the fuel in 2015 and 2025 will be 13.5 and 45.8 million barrel oil equivalent in iron and 
steel industry. In the other word, energy saving in the final consumption of energy due to the improvement in 
production technology in this industry will be 6.2 and 10.4  percent in 2015 and 2025 respectively. So by using of 
developed production technology from the energy consumption point of view in iron and steel industry the issued 
environmental pollution from this industry will decrease 6.2 and 10.4 percent in 2015 and 2025 respectively 
 K. Sohaili et al. / Procedia Environmental Sciences 2 (2010) 262–269 269
5. Conclusion 
Observing of the results of running the Model for Energy Demand Evaluation shows that the total consumption of 
the energy carriers in iron and steel energy intensive industry in 2005, 2015 and 2025 is 114.69, 215.55 and 442.64 
million barrel oil equivalent. So, during this 20 years period the rate of growth of energy consumption is about 7 
percent in iron and steel energy intensive industry. The potential for energy saving in the final energy consumption 
as the result of progress in production technology in iron and steel industry is 13.5 and 45.8 million barrel oil 
equivalent in 2015 and 2025 sections. In the other word, the potential for energy saving in the above mentioned 
years is 6.2 and 10.4 percent. So more efficient use of energy and technology improvement can decrease the issuing 
of environmental pollutant materials by 6.2 and 10.4 percent in 2015 and 2025. Therefore, performing of the energy 
consumption optimization plans in the iron and steel industry have a high priority and will have a noticeable energy 
saving. Finally, it will be advised to the organizations which are active in environmental and energy productivity 
issues to consider this priority in their plans and programs and have more concentration on the iron and steel energy 
intensive industry and  other energy intensive  industries. 
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